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Abstract

Ž .The effects of bacterial lipopolysaccharide Escherichia coli 0127-B8 on bradykinin receptor function in bovine aortic endothelial
cells were investigated using a microphysiometer. Bradykinin and Lys0–desArg10-bradykinin produced concentration-dependent acidifica-
tion responses with pEC values of 8.87"0.20 and 9.78"0.08, respectively. These responses were competitively and selectively50

antagonised by the bradykinin B receptor antagonist, icatibant and the bradykinin B receptor antagonist, desArg9–Leu8-bradykinin,2 1
Ž .respectively. The non-peptide bradykinin B receptor antagonist, FR173657 0.3 and 3 nM , selectively antagonised bradykinin-induced2

acidification responses, causing rightward shifts of the concentration–response curves to bradykinin, but at the same time, significantly
Ž .decreasing the maximum response. A preincubation with lipopolysaccharide 0.01 and 0.1 mgrml for 24 h caused a significant

Ž .concentration-dependent decrease in maximal response to bradykinin 27.2"1.9 and 9.7"0.4% of control and the bradykinin B1
0 10 Ž .receptor agonist, Lys –desArg -bradykinin 59.0"7.14 and 25.3"7.8% of control , without affecting the EC . These results suggest50

that bradykinin B receptors are constitutively expressed in cultured bovine aortic endothelial cells and that the microphysiometer1

provides a rapid, sensitive technique to characterise bradykinin receptors and investigate their regulation by cytokines. Interactions
between bradykinin receptors and lipopolysaccharide may play a part in the cascade of deleterious effects that occur during septic shock.
q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The kinins, a group of peptides the best known of
which is bradykinin, are synthesised at the sites of tissue
damage by the enzymatic action of tissue and plasma
kallikrein on large protein precursors, the kininogens
Ž .Bhoola et al., 1992 . In addition to their well-known
inflammatory role, kinins are also involved in the regula-
tion of vascular tone. Kinins exert the majority of their
effects by the interaction with cell surface receptors which
were originally classified into two subtypes, B and B ,1 2

according to the relative potency of naturally occurring
Ž .peptide agonists Regoli and Barabe, 1980 and, more´

recently, the existence of these two subtypes has been
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confirmed by the development of selective bradykinin
receptor antagonists as well as by molecular biology tech-

Ž .niques see Hall, 1997 . Bradykinin and kallidin are potent
agonists for the bradykinin B receptor whereas further2

cleavage of these endogenous agonists into desArg9-
bradykinin or desArg10-kallidin, for example, is required

Žfor the activation of bradykinin B receptors Regoli and1
. Ž .Barabe, 1980 . Icatibant Hoe-140 is a potent selective´

Žantagonist of the bradykinin B receptor Hock et al.,2
.1991 and although extremely useful for the classification

of bradykinin receptors, its therapeutic use is limited due
to its peptide nature and, hence, its poor oral availability.
Recently, an orally active, highly potent non-peptide
bradykinin B receptor antagonist, FR173657, has been2

Ž .described Asano et al., 1997 . Peptide antagonists are
available for the classification of bradykinin receptors into
the B subtype, the most commonly used of which is1

9 8 Ž .desArg –Leu -bradykinin Regoli et al., 1977 .
Bradykinin B receptors are constitutively expressed in2

many cell types and the majority of the actions of kinins
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Žare mediated by this receptor see for reviews, Regoli et
.al., 1990; Dray and Perkins, 1993 . Usually, under normal

physiological conditions, bradykinin B receptor-mediated1

responses are absent but are induced following tissue
trauma. For example, induction of bradykinin B receptor-1

mediated responses occurs during in vitro incubation of
Žtissue Regoli et al., 1977; Bouthillier et al., 1987; Deblois

.and Marceau, 1987 , or after treatment with bacterial
Žlipopolysaccharide Barabe et al., 1982; Galizzi et al.,´

. Ž .1994 , or interleukin-1b Deblois et al., 1988, 1991 . In
addition, numerous in vivo studies have described the
induction of a state of responsiveness to bradykinin B1

receptor agonists by treatment with lipopolysaccharide or
Žinterleukin-1b Marceau et al., 1984; Drapeau et al., 1991;

.Davis and Perkins, 1994; Perkins et al., 1995 . Due to the
inducible nature of bradykinin B receptors, it has been1

suggested that bradykinin B receptors are responsible for2

the early stages, and bradykinin B receptors are responsi-1
Žble for the maintenance, of inflammatory processes Galizzi

.et al., 1994 . Thus, it is possible, at least in part, that the
induction of bradykinin B receptors and, hence, modula-1

Ž .tion of nitric oxide NO activity is the underlying cause of
the massive vasodilatation and hypotension which devel-
ops during septic shock, a disease in which lipopoly-
saccharide, a protein on the outer surface of bacteria,

causes the release of inflammatory mediators, including
Ž .cytokines Beutler and Cerami, 1986 .

The presence of the endothelium appears to be impor-
tant in the vasorelaxation response of isolated vessels to

9 ŽdesArg -bradykinin DeBlois and Marceau, 1987; Pruneau
.and Belichard, 1993 . Hence, in the present study, we used

a novel instrument, the microphysiometer to measure func-
tional responses to bradykinin receptor agonists in cultured
bovine aortic endothelial cells as well as investigating the
effects of lipopolysaccharide. The microphysiometer mea-
sures cellular metabolism via extracellular acidification
Ž .McConnell et al., 1992 . Ligand–receptor interactions in
isolated cultured cells lead to a functional response that
requires energy. Energy production and metabolism by the
cells leads, ultimately, to the production and excretion of
protons. Consequently, receptor activation will result in an
increase in the rate of extracellular acidification and this is
the biological basis of the measurements made using the

Ž .microphysiometer Fig. 1 . The results of our investigation
using this instrument show that, in addition to bradykinin
B receptors, bradykinin B receptors are constitutively2 1

expressed in cultured bovine aortic endothelial cells and
that lipopolysaccharide mediates a significant decrease in
bradykinin B and B receptor-mediated acidification re-1 2

sponses in isolated cultured bovine aortic endothelial cells.

Fig. 1. A schematic diagram which shows the intracellular events that lead to extracellular acidification. The microphysiometer detects the protons released
Ž . Ž .by means of a light-addressable potentiometric sensor LAPS diagram modified from McConnell et al., 1992 .
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2. Methods

2.1. Cell culture

Bovine aortic endothelial cells were obtained from Dr J
ŽChin Baker Medical Institute, Melbourne: for method of

.isolation see Cocks et al., 1985 where they were posi-
tively identified as endothelial cells by immunostaining for
von Willebrand factor and their lack of staining for smooth
muscle a-actin. Cells were grown in RPMI 1640 supple-

Ž . Žmented with 15% foetal calf serum FCS , L-glutamine 2
. Ž .mM and gentamycin 50 mgrml . Cultures were incu-

bated at 378C in a humidified atmosphere of 95% airr5%
CO and subcultured every 3 to 4 days when the cells had2

reached confluency. Experiments were performed on cells
of passage 7 through 16 and cells from at least three
different primary cultures were used for the study.

2.2. Experimental procedure

Cells harvested from confluent monolayers were seeded
Žinto the microphysiometer capsule cups, 1,000,000 in 1

Žml cell culture medium, RPMI 1640qadditives see Cell
..culture methods on the day prior to experimentation and

incubated at 378C in an atmosphere of 95% airr5% CO2

to attach to the cup overnight. In the preincubation experi-
ments, lipopolysaccharide was added to the culture media
at the time the cells were seeded into the capsules at a

6 Ždensity of 10 cellsrcapsule cells seeded in parallel cap-
sule cups for treated and control experiments were har-

.vested from the same plate of cells . On the day of the
experiment, the cell capsules were transferred to the sensor
chambers of the microphysiometer and modified, low-
buffered RPMI 1640 medium was pumped across the cells
at a rate of 100 mlrmin during which time the pH of the
extracellular environment was constant. To measure the
rate at which cells excreted protons, the pump was halted
periodically to measure the rate of accumulation of protons
in the chamber which was detected by the silicon sensor.
Flow was then resumed to wash out the acid and this
pump-onrpump-off cycle was repeated throughout the
experiment in a uniform procedure, under computer con-
trol, which allowed acidification rates to be measured and
compared before and after the addition of bradykinin

Žreceptor agonists bradykinin, a bradykinin B receptor2

agonist or Lys0–desArg10-bradykinin, a bradykinin B re-1
.ceptor agonist in the absence or presence of appropriate

Žantagonists icatibant or FR173657, selective bradykinin
B receptor antagonists or desArg9–Leu8-bradykinin, a2

.selective bradykinin B receptor antagonist . Each concen-1

tration of agonist was administered by inclusion in the
Ž . Ž 0running medium for 8 min bradykinin or 10 min Lys –

10 .desArg -bradykinin with a washout period of 15 min
Ž . Ž 0 10 .bradykinin or 20 min Lys –desArg -bradykinin . An-
tagonists were perfused for 60 min prior to carrying out an
agonist concentration–response curve in the continuing

presence of the antagonist. Control and antagonist curves
were carried out on the same batch of cells seeded in
parallel chambers, with the responses being normalised to
account for differences in response due to different num-
bers of cells in each chamber. All experiments were car-
ried out in the presence of the angiotensin converting

Ž .enzyme inhibitor, captopril 10 mM and the neutral en-
Ž .dopeptidase inhibitor, phosphoramidon 1 mM , to prevent

enzymatic breakdown of the exogenously applied peptide
drugs.

2.3. Data analysis

EC values were obtained by computer-assisted non-50
Ž wlinear curve fitting methods PRISM , GraphPad Soft-

.ware, San Diego . The dissociation constant for each an-
Žtagonist was estimated by the equation: pK s log CRyB

. w x Ž .1 y log antagonist , where: CR concentration ratio s
EC of agonist in the presence of antagonistrEC of50 50

agonist in the absence of antagonist. All results were
expressed as the mean"S.E.M. Statistical significance
between groups was analysed using the Student’s unpaired
t-test.

2.4. Drugs

Purified bacterial lipopolysaccharide from Escherichia
coli serotype 0127:B8 was obtained from Sigma and re-
constituted in sterilised tissue culture grade water.
FR173657 was a generous gift from Fujisawa Pharmaceu-
tical, Japan. Other compounds and their suppliers were

Ž . Ž . 9 8bradykinin Auspep , icatibant Hoechst , desArg –Leu -
Ž . 0 10bradykinin acetate and captopril Sigma , Lys –desArg -

Ž .bradykinin Phoenix Pharmaceuticals , phosphoramidon
Ž .Boehringer Mannheim . All drugs were dissolved in dis-
tilled water, with the exception of FR173657, which was

Ž .dissolved in dimethylsulphoxide DMSO at a stock con-
centration of 1 mM and subsequently diluted in the micro-
physiometer running media. Cell culture materials were
obtained from Gibco.

3. Results

3.1. B bradykinin receptor characterisation2

Exposure of bovine aortic endothelial cells to concentra-
Ž .tions of bradykinin 0.1–100 nM produced acidification

Ž .responses with a pEC of 8.87"0.20 ns10 . These50

responses were selectively antagonised by the bradykinin
ŽB receptor antagonist icatibant Hoe-140; apparent pK2 B

. Ž .s 9.11 " 0.21, n s 5 Fig. 2a . The non-peptide
Žbradykinin B receptor antagonist FR173657 0.3 and 32

.nM produced a concentration-related, insurmountable an-
tagonism of bradykinin-induced acidification responses
Ž .Fig. 2b . The maximum response was reduced to 74.6"
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Ž . Ž .Fig. 2. a Concentration–response curves to bradykinin alone B: ns10
Ž . Ž .and in the presence of 1 ': ns5 and 3 nM v: ns5 icatibant

Ž . Ž .Hoe-140 , the bradykinin B receptor antagonist. b Concentration–re-2
Ž .sponse curves to bradykinin alone B: ns8 and in the presence of 0.3

Ž . Ž .s: ns4 and 3 nM ': ns4 FR173657, the non-peptide bradykinin
Ž . Ž .v B receptor antagonist and c concentration–response curves to2

Ž . Ž .bradykinin alone B: ns4 and in the presence of 3 mM v: ns4
desArg9 –Leu8-bradykinin, the bradykinin B receptor antagonist. Acidi-1

fication responses from bovine aortic endothelial cells were measured
using a microphysiometer and expressed as a percentage of the maximum
response to bradykinin in the absence of antagonist.

Ž9.2 and 35.4"9.0% compared to control responses, ns
.4 in the presence of 0.3 and 3 nM FR173657, respec-

tively.

3.2. B bradykinin receptor characterisation1

Exposure of bovine aortic endothelial cells to concentra-
0 10 Ž .tions of Lys –desArg -bradykinin 0.03-3 nM produced

Žacidification responses with a pEC of 9.78"0.08 ns50
. 0 105 . The maximum response to Lys –desArg -bradykinin

Ž .was 50.3"5.5% ns5 of the maximum response to
Žbradykinin after the responses in parallel chambers were

normalised to account for differences in responses being

Ž . 0 10Fig. 3. a Concentration–response curves to Lys –desArg -bradykinin
Ž . Ž . 9alone B: ns5 and in the presence of 3 mM v: ns5 desArg –

8 Ž . 0 10Leu -bradykinin and b concentration curves to Lys –desArg -
Ž . Ž .bradykinin alone B: ns4 and in the presence and 3 nM v: ns4

FR173657. Acidification responses from bovine aortic endothelial cells
were measured using a microphysiometer and expressed as a percentage
of the maximum response to Lys0 –desArg10-bradykinin in the absence of

Ž . Ž .antagonist. c Concentration–response curves to bradykinin B: ns5
0 10 Ž . 0and Lys –desArg -bradykinin v: ns5 . The responses to Lys –des-

Arg10-bradykinin were expressed as a percentage of the maximum re-
sponse to bradykinin.
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Fig. 4. Treatment of bovine aortic endothelial cells with lipopolysaccha-
ride did not directly affect the basal metabolic rate of these cells
measured using a microphysiometer. Original trace showing acidification
rate responses in a single experiment in which increasing concentrations
of bradykinin were included, for 8 min, in the running media perfusing

Ž . Žlipopolysaccharide-untreated I and lipopolysaccharide-treated v: 0.01
.mgrml cells.

.due to differences in the numbers of cells seeded; Fig. 3c .
The responses to Lys0–desArg10-bradykinin were competi-

Fig. 5. Bacterial lipopolysaccharide treatment of bovine aortic endothelial
cells decreased bradykinin B and B receptor-mediated acidification1 2

responses. Cells were seeded in the capsules cups with or without
lipopolysaccharide and responses to agonists were measured 24 h later

Ž .using a microphysiometer. a Concentration–response curves to
Ž .bradykinin in lipopolysaccharide-untreated B: ns8 and lipopoly-

Ž .saccharide-treated v: 0.01 mgrml, and ': 0.1 mgrml, ns4 cells and
Ž . 0 10b concentration–response curves to Lys –desArg -bradykinin in lipo-

Ž . Žpolysaccharide-untreated B: ns8 and lipopolysaccharide-treated v:
.0.01 mgrml and ': 0.1 mgrml, ns4 cells.

Table 1
Ž .Effect of lipopolysaccharide LPS on pharmacological characteristics of

bradykinin B receptors in bovine aortic endothelial cells2

Bradykinin

yLPS qLPS yLPS qLPS
Ž . Ž .0.01 mgrml 0.1 mgrml

pEC 8.39"0.07 8.35"0.06 8.72"0.09 8.51"0.1550
a aR 100 27.2"1.9 100 9.7"0.4max

Data represents the mean"S.E.M., ns4.
aP -0.01, significantly different to the corresponding value in the

Ž .absence of lipopolysaccharide Student’s unpaired t-test .

tively and selectively antagonised by the bradykinin B1

receptor antagonist desArg9–Leu8-bradykinin with a calcu-
Ž .lated pK of 6.19"0.32, ns5 Fig. 3a . Conversely,B

9 8 ŽdesArg –Leu -bradykinin, at the same concentration 3
. 0 10

mM which antagonises the response to Lys –desArg -
bradykinin, did not affect acidification responses to

Ž .bradykinin ns4; Fig. 2c . Furthermore, FR173657 at the
Ž .same concentration 3 nM , which antagonises responses

to bradykinin, did not affect acidification responses to
0 10 Ž .Lys –desArg -bradykinin ns4; Fig. 3b .

3.3. Effect of bacterial lipopolysaccharide on Bradykinin
B and B bradykinin receptor-induced acidification re-1 2

sponses

Ž .The effect of bacterial lipopolysaccharide 0.01 mgrml
on the acidification responses to bradykinin is shown in
Fig. 4. A 24-h preincubation of bovine aortic endothelial
cells with lipopolysaccharide caused a significant concen-
tration-dependent decrease in the maximal response to

Žbradykinin R , 27.2"1.9 and 9.7"0.4% of controlmax

for 0.01 and 0.1 mgrml lipopolysaccharide, respectively,
. Ž .ns4; Fig. 5a without affecting the pEC see Table 1 .50

Similarly, an identical treatment of bovine aortic endothe-
lial cells with lipopolysaccharide caused a significant de-
crease in the maximal response to Lys0–desArg10-

Žbradykinin R , 59.0"7.14 and 25.3"7.8% of controlmax

for 0.01 and 0.1 mgrml lipopolysaccharide, respectively,
. Ž .ns4; Fig. 5b without affecting the pEC see Table 2 .50

Lipopolysaccharide had no direct effect on the metabolic

Table 2
Ž .Effect of lipopolysaccharide LPS on pharmacological characteristics of

bradykinin B receptors in bovine aortic endothelial cells1

0 10Lys –desArg -bradykinin

yLPS qLPS yLPS qLPS
Ž . Ž .0.01 mgrml 0.1 mgrml

pEC 9.44"0.02 9.34"0.53 9.62"0.07 9.32"0.0950
a bR 100 59.0"7.1 100 25.3"7.8max

Data represents the mean"S.E.M., ns4.
aP -0.05, significantly different to the corresponding value in the

Ž .absence of lipopolysaccharide Student’s unpaired t-test .
bP -0.01, significantly different to the corresponding value in the

Ž .absence of lipopolysaccharide Student’s unpaired t-test .
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integrity of the endothelial cells as indicated by the compa-
rable basal metabolic rate measured in control and treated

Ž .cells Fig. 4 .

4. Discussion

In this study, we have characterised both bradykinin B2

and B receptors on endothelial cells from the bovine1

aorta, using a microphysiometer. We have demonstrated
that the microphysiometer is a robust technique to charac-
terise G-protein linked receptors. Thus, the average maxi-
mum acidification response measured in the present study
was five times greater than that reported in a recent study
in which the microphysiometer was used to functionally
characterise an ion-channel linked receptor, the GABAA

Žreceptor, in rat cultured cerebellar granule cells Brown et
.al., 1997 . In the present study, acidification responses to

Ž .bradykinin were antagonised by icatibant Hoe-140 and
FR173657 while those to Lys0–desArg10-bradykinin were
antagonised by desArg9–Leu8-bradykinin but not vice
versa. Bradykinin caused a far greater maximum extracel-
lular acidification than Lys0–desArg10-bradykinin. This
could be a direct reflection of the number of each subtype
of receptor on each cell or else a reflection of the fact that
the activation of bradykinin B receptors and their effector1

systems requires less energy than bradykinin B receptor2

activation. Furthermore, we demonstrated that bacterial
lipopolysaccharide reduced the acidification responses to
both bradykinin and Lys0–desArg10-bradykinin in a con-
centration-dependent manner, reducing the maximum re-

Ž .sponse R without affecting the EC . Lipopolysac-max 50

charide appears to be more efficient against bradykinin
than Lys0–desArg10-bradykinin-induced acidification re-
sponses presumably because the effector that is being
affected by lipopolysaccharide contributes a larger propor-
tion of the overall acidification response to bradykinin than
to Lys0–desArg10-bradykinin. In support of this, a study
using bovine pulmonary artery endothelial cells has shown

w3 xthat H inositol triphosphate production induced by de-
sArg9-bradykinin, a bradykinin B receptor agonist, was1

about half that evoked by bradykinin even though they
were equally efficacious in increasing intracellular calcium
Ž .Smith et al., 1994 . It is possible that lipopolysaccharide
could be affecting the same pathway in bovine aortic
endothelial cells which ultimately causes the release of
nitric oxide. This lipopolysaccharide-induced reduction in
receptor-mediated acidification response was not a conse-
quence of reduced cell viability since the basal metabolic
rate measured between control and treated cells was com-
parable.

These data are in contrast to previous studies using both
in vitro tissue techniques and in vivo animal models in

Žwhich it has been shown that endotoxin lipopolysaccha-
.ride or cytokines lead to the induction of bradykinin B1

receptor-mediated responses. For example, in a thermal

Ž .hyperalgesia rat model Perkins et al., 1995 and a me-
Ž .chanical hyperalgesia rat model Davis and Perkins, 1994 ,

injection of interleukin-1b induced hyperalgesia mediated
by desArg9-bradykinin, a bradykinin B receptor agonist.1

Other studies reported that desArg9-bradykinin induced
hypotension in rabbits, but only after an injection of

Ž .lipopolysaccharide e.g. Drapeau et al., 1991 and Deblois
Ž .et al. 1988 reported that both interleukin-1 and inter-

leukin-2 potentiated the spontaneously developing contrac-
tile response to desArg9-bradykinin in rabbit isolated aorta.

ŽWhile our data differ from previous reports DeBlois et al.,
1988; Drapeau et al., 1991; Davis and Perkins, 1994;

.Perkins et al., 1995 , it should be noted that with respect to
vascular tissue, all previous studies reporting that lipopoly-
saccharide or cytokines inducerincrease bradykinin recep-
tor-mediated effects have been in vivo or in intact tissue in
vitro and, hence, the overall response is generated by a
heterogeneous population of cells.

The obvious difference between the latter studies and
the present one is that an isolated homogenous population
of endothelial cells was used in the present study to
discern the effect of lipopolysaccharide in this cell type
without the confounding effects of other different cell
types. An evaluation of the effect of lipopolysaccharide on
heterogenous vascular smooth muscle cellrendothelial cell
cultures may possibly reveal a different effect of lipopoly-
saccharide. Indeed, it has been shown that vascular smooth
muscle cells can interact with endothelial cells to produce
an overall different response to that which is seen when
endothelial cells are cultured alone. For example, Bonin

Ž .and Damon 1994 reported that the amount of endothelin-1
secreted into the medium was markedly reduced in en-
dothelial cellrvascular smooth muscle cell co-cultures than

Ž .in homotypic cultures. Furthermore, Loeb et al. 1987
reported that exposure of endothelial cells or vascular
smooth muscle cells to endothelium-dependent vasodila-
tors did not produce significant levels of intracellular
cGMP. However, when the same vasodilators were applied
to endothelial cells and vascular smooth muscle cells in
co-culture, significant increases in intracellular cGMP were

Ž .detected. Similar to the present study, Graier et al. 1994
used homotypic cultures to evaluate the direct effects of

Ž .bacterial endotoxin lipopolysaccharide on agonist stimu-
lated cytosolic Ca2q mobilisation and NO biosynthesis in
bovine and porcine endothelial cells. They demonstrated

Žthat endotoxin directly decreased the agonist bradykinin
.and ADP -mediated biosynthesis and release of NO from

endothelial cells. Considering the plethora of evidence
which suggests an inductionrupregulation of bradykinin
receptors by lipopolysaccharide, the decrease in bradykinin
receptor-mediated responses detected in the present study
was initially unexpected. Our results, however, like those

Ž .of Graier et al. 1994 may indirectly support the idea that
vascular smooth muscle cells interact with endothelial cells
to mediate the overall vascular response. Further studies
will involve the use of co-culture system to investigate the
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effects of lipopolysaccharide on vascular smooth muscle
cellrendothelial cell function.

We have reported in the present study that FR173657
inhibited acidification responses to bradykinin, the
bradykinin B receptor-preferring agonist, without affect-2

ing the acidification responses to the bradykinin B recep-1

tor-selective agonist Lys0–desArg10-bradykinin. To our
knowledge, we are the first to characterise this novel orally
active non-peptide bradykinin B receptor antagonist on2

bradykinin receptors expressed by isolated cultured bovine
aortic endothelial cells. In our hands, this compound proved
to be a potent, insurmountable antagonist, a common
property associated with this compound in numerous in
vitro assays, although some reports are conflicting. In the
first study to identify FR173657 as a bradykinin B recep-2

Ž .tor antagonist, Asano et al. 1997 demonstrated that
w3 xFR173657 displaced H -bradykinin binding to bradykinin

B receptors in guinea-pig ileum and rat uterine mem-2

branes and human bradykinin B receptors expressed in2

the human lung fibroblast cell line, IMR-90, in a competi-
tive manner. Similarly, a competitive inhibition of the
bradykinin-induced contraction of the guinea-pig ileum
was observed. In another investigation, FR173657 report-
edly inhibited bradykinin B receptor-mediated relaxation2

of rat isolated duodenum, contraction of guinea-pig ileum
and isolated trachea and vasoconstriction of the rabbit
isolated perfused ear in an insurmountable manner, whereas
it produced a competitive inhibition of bradykinin-induced

Ž .contraction of rat isolated uterus Griesbacher et al., 1997 .
Ž .In a later study, Griesbacher et al. 1998 also showed that

bradykinin-induced contractions of rabbit isolated sphinc-
ter muscle, mediated by tachykinin release from trigeminal
afferent neurons, were inhibited by FR173657 in a non-
competitive manner. Similarly, FR173657 inhibited
bradykinin B receptor-mediated phosphatidylinositol hy-2

drolysis with a concomitant decrease in maximum re-
Ž .sponse Aramori et al., 1997 . Summarising these latter

reports and in agreement with the present study, FR173657
acts primarily as a non-competitive bradykinin B receptor2

antagonist, with conflicting reports relating to its effects at
guinea-pig ileum where it has been described as both a
competitive and non-competitive antagonist. These con-
flicting reports may be due to different concentrations of
DMSO used as a solvent for FR173657; however, recent
data from our laboratory indicates that DMSO has no
effect in our system.

The results of the present study also indicate that
bradykinin B receptors are constitutively expressed in1

bovine aortic endothelial cells, which was not entirely
unexpected since bradykinin B receptors are known to be1

induced under conditions in which the vascular tissue has
been traumatised. The process of simply mounting a seg-
ment of artery into an organ bath will result in the induc-
tion of bradykinin B receptor-mediated responses from an1

Žinitial null level, in a time-dependent manner Bouthillier
et al., 1987; Deblois and Marceau, 1987; Levesque et al.,

.1995 . It would, therefore, be rather surprising if the
isolation of bovine aortic endothelial cells by enzymatic
dissociation did not result in the apparent ‘constitutive’
expression of bradykinin B receptors in these cells. Previ-1

ous studies have reported the presence of B bradykinin1

receptors on primary bovine aortic endothelial cells before
Žor at the first passage D’Orleans-Juste et al., 1989; Wiemer

.and Wirth, 1992 , precluding the need, in the present
study, to investigate the existence or appearance of
bradykinin B receptors on new isolates or early subcul-1

tures of bovine aortic endothelial cells.
In conclusion, we have demonstrated, using a micro-

physiometer, that bradykinin B as well as bradykinin B1 2

receptors are constitutively expressed in isolated cultured
bovine aortic endothelial cells. In addition, bacterial lipo-
polysaccharide had an inhibitory effect on acidification
responses mediated by both bradykinin B and B receptor1 2

subtypes in this homogenous cell system, which contrasts
with data obtained on mixed cell populations.
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